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For our model, three case conditions were conducted to analyze the influence of temperature 
and pressure on the fuel cell and thus impacting the overall roundtrip. Pressure ratio 
between the oxygen and hydrogen had an increase in voltage. Temperature increase 
influenced the efficiency by
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Fuel cell technology plays a vital role in space
exploration missions as an alternative energy source
when sunlight is not available. The balance of plant
(BOP) for this system includes every supporting and
auxiliary component necessary to produce
energy, except for the fuel cell stack itself. A BOP is
important because it provides the support needed to
keep a system running stably and efficiently. The
electrolyzer fully operates for 12 hrs. during the day
and is powered by solar panels. The fuel cell fully
operates for 12 hrs. during the night.
1. A completely functioning system that has been
tested and evaluated for simulated lunar cycle.
2. Complete set of models for the regenerative fuel
cell system for given operating conditions
3. Modeling and simulation for balance of plant for
the fuel cell that produces 100 W net power
Balance of Plant for the 100W Regenerative PEM fuel cell system that serves as a backup energy source for the lunar mission was modeled and
simulated in the MATLAB® and Simulink®. Simulation of the integrated system results in an efficiency of 57%. The system's anode side was built
for the 100W PEM fuel and tested on the earth-based environment. Multiple parameters were optimized, including hydrogen generation, flow rate,
pressure, and temperature of the system to gain the fuel cell's power's optimal efficiency. Results show the system was able to produce 97% pure
Hydrogen that fueled the fuel cell, resulting in up to 70% overall power efficiency.
After research and analysis was performed, the final
design was created to meet project objectives. In-lab
testing and simulations proved that it was the most
optimal because of advantages such as thermal fluid








Power 100 W output
Hydrogen Generator
Brand Fuel Cell Store
Pressure 20 – 400 kPa
Flow Rate 0 – 1 L/min
Purity 99.9995% Hydrogen
Voltage 110 – 220 V
The anode side testing was conducted in lab using Earth-
based conditions. Factors that changed included the
components used and the operating conditions. The
layout consisted of the fuel cell, hydrogen generator,
electronic load, mass flow controller, pressure regulator,
temperature sensor and controller setup. Connecting the
sensors to a data acquisition device (DAQ), Arduino
microcontroller, and power supply allows readings to be
transferred to a LabView user-interface. The controller
was designed to manage the fuel cell stack temperature
and pressure.
A three-case study was conducted to analyze the influence
the temperature and pressure of the fuel cell had on the
overall roundtrip efficiency of the system. The electrolyzer
was altered to match the mass flow rates of the fuel cell,
while the temperature and pressure remained constant. The
fuel cell's inlet pressure ratios between the oxygen and
hydrogen had an increase in voltage. An increase in
the temperature influenced the efficiency by affecting the
thermoneutral voltage.
The 3-D graph shows how changing the temperature
and pressure, increases in the efficiency. The
temperature is in degrees Celsius and the pressure is
in standard atmosphere (atm).
Case 1 Case 2 (S.S) Case 3
Temperature 328 K 338 K 368 K









Earth Based Testing Conditions
In-Lab Setup
Figure 3. Physical setup of the fuel cell system
Figure 1. Optimized Representation of the Pressure, 
Temperature, and Efficiency Relationship
Figure 2. The time range the simulation reach steady-state in the fuel cell
The graph of the reactant and product rates shows deviation from the slope initially
as the system has yet to reach steady state. The system reaches steady state between
6 and 8 seconds. Afterwards, the system maintains steady state rates of hydrogen,
oxygen, and water as seen by the constant slope. When time, t > 9 seconds, the
system is at steady state and the slope is shown to remain constant. The y-axis
shows the mass amount of the fuels in kg.
Table 1. The overall generation and consumption of power in the system
Power Generated Units: Watts
Fuel Cell 173.6W
Power Consumed B.O.P
Electrolyzer 378W
Compressors 13.985W
Pump .02107W
